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gON/EXON STRUCTURE ^.FL^ffi_HUM^M^MOUSE 03- 
INERGIC RECEPTOR GENES. ~ 

BACKGROUKD OF THE INVENTION 

The present invention relates to the entire gene 
encoding 03-adrenergic receptor polypeptides of mouse 
and human origin, which polypeptides provide a 
procedure for studying the effects of various chemical 
agents on the 03 -adrenergic receptor and coupled 
adenylate cyclase and hormone-sensitive lipases. More 
particularly, the present invention also relates to 
antibodies, vectors, nucleotide probes, cell hosts 
transformed by genes encoding polypeptides, having 03- 
adrenergic receptor activity. 

In the past, two main classes of adrenergic 
receptors have been identified as the a adrenergic 
receptors and the 0 adrenergic receptors. These 
adrenergic receptors produce various responses to 
effector organs such as the eye, heart, arteriols, 
veins, lungs, stomach, intestine, gallbladder, kidney,' 
skin, spleen, liver and pancrease to mention a few.' 
These specific receptors have been defined by the 
effects of particular synthetic agonists which 
stimulate the receptors biological function and 
antagonists which block the adrenergic receptors 
biological function. 

Within the two classes of adrenergic receptors, 
four subtypes, al, a2 , 01 and 02, of these receptors 
for catecholamines have been identified. See, Cotecchia 
et al., P.N.A.S. , 85, pgs. 7159-7163 (1988); Kobilka et 
al., Science 238, pgs . 650-656 (1987); Frielle et al., 
P ' N - A - ^' ^' P9 S - 7920-7924 (1987); and Emorine et 



al., P.N.A.S. , 84, pg S . 6995-6999 (1987). Drugs that 
selectively block or stimulate one of these receptor 
subtypes are used extensively in clinical medicine 
Despite the efficacy of these drugs, many produce side 
effects in individuals, due to their interaction with 
other receptor subtypes. For identification of the 
various drugs which act on the receptor subtypes, see 
Goodman and Oilman's The Pharmaco logical B^-i* ^ 
Therapeutics , eigth edition, MacMillan Publishing Co. 
Inc. (1990). ' ' 

The analysis of the genes of these receptors 
indicate that all of the subtypes of the receptors 
belong to the family of integral membrane receptors 
exhibiting striking homologies, in particular these 
homologies are present in the 7 transmembrane regions 
These receptors are coupled to regulatory proteins 
termed G proteins which are capable of binding 
molecules of guanosine triphosphate (GTP) . 

The G proteins have the capacity to intervene 
structurally and functionally between receptors and 
enzymes catalyzing the production of intracellular 
mediators such as adenylate cyclase, ouanylate cyclase, 
the phospholipases and the kinases, or between 
receptors and ion channels. Thus, the G proteins have 
the capacity to regulate the flux of ions such' as 
calcium, potassium, sodium and hydrogen ions. 

The above-mentioned subtypes of receptors are 
known in the art as the "R7G family" as described by 
Emorine et al. Proc. NATO A dv. Res. Wnrk.hnp (1988) . 
The RjG family comprises acetylcholine muscarinic 
receptors, serotonin receptors, the receptors for 



neuropeptides, substance K, angiotensin II and the 
visual receptors for the opsins, as described by Dixon 
et al Annual Reports in Medicinal Chemistry f pgs. 
221-233 Ed. Seamon, K.B., Food and Drug Administration, 
Bethesda, Md. (1988) and Emorine et al., supra . 

Recently, a third subtype of the ^-adrenergic 
receptor termed 0 3 -adrenergic receptor, has been 
identified and characterized in humans and in rodents, 
which polypeptide does not have a receptor activity 
similar to that of the fii- or /?2-adrenergic receptors. 
This "new" 03-receptor in humans has been identified 
and sequenced as described in French application 
No. 8900918 filed January 25, 1989 and PCT/FR90/00054 , 
resulting in U^^PPlicat^n No. 07/721, 571, filed 
January 25, 1990 , incorporated 'herein by reference, as 
containing 402 amino acids, which is capable of 
activating adenylate cyclase in the presence of an 
agonist, which activity increases in the order of 
agonists of salbutamol, BRL 28410, BRL 37344 and (1)- 
isoproterenol. Antibodies directed to the polypeptide 
of the £3 -adrenergic receptor were also disclosed. The 
03-receptor was identified as differing from the £1- 
adrenergic receptor and the 02-adrenergic receptor by a 
pharmacological comparison of the activation of 
adenylate cyclase in the presence of agonists and the 
reaction towards different antagonists. 

Similarly, the 03-adrenergic receptor of the mouse 
has been identified and cloned as described in French 
application No. 9100320 filed January 14, 1991 and 
PCT/FR92/00023 filed January is, 1992, also 
incorporated herein by reference. See also, Nahmias et 
al., Embo J. , io, pgs. 3721-3727 (1991). The mouse 



03-adrenergic receptor encodes a polypeptide of 388 

7"° SCid reSidU£S ' inclu ^ the features 
characteristic of ,-adrenergic receptors, such as Z 
conserved amino acids identified as crucial 2r 
catecholamine binding in the ^-adrenergic receptor 
See, strader et a!., 3^3, pgs. 1825 . 1832 

A pharmacological comparison of the mouse with the 
human counter part of the ,3-adrenergic recess 

For example, mouse ^-adrenergic receptor can be 
actuated by COP 12177A , oxprenolol a „ d ^ 

displaying a low stereoselectivity and characteristic 
potency order for full agonists, which is simiiar to 

the human. 

However, differences do exist between the mouse 
^-adrenergic receptor and the human /^-adrenergic 
-ceptor. which are probably dU£ ^ ^ 

tranl I"' betWee " ^ *» the 

binding wherein 12 substitutions do occur. 

Thermogenesis and lipolysis in brown and white 
adipose tissues are under the control of this £ 

T n iz c N r r ptor subtype as * «* 

al In Obesity , Joh n Wiley « Sons Ltd., London (1991); 
and zaagsma et al.. Trends Pha™^ «,„, ' 

3-7 (1990) . Besides adipose tissues n ' 

th . . . aipose tissues, the expression of 

the ^-adrenergic receptor has also been reported in 
ario u thar tissues such ^ ussues ^ P - i- 

tract from oesophagus to colon and in the gallbladder. 
See, f or example, Bond et al., Br. J. Ph,^^, „ # 



pgs. 723-734 (1988); Coleman et al., British Jonr^ 
of Pharmacology Proc. Supl . r 90, 40 (1987); Bianchetti 
et a1 *' Br - J - Pharmacol .. 100, pgs. 831-839 (1990); 
Granneman et al., J. Pharmacol. Exp. Ther. . 256 , pgs. 
421-425 (1991); and Krief et al., J. Clin. Inv^f. , 
(1993) (in press). This 03 -adrenergic receptor subtype 
has been suggested to participate in the control by 
catecholamines of body energy balance from intestine 
assimilation to storage and mobilization in adipose 
tissue. 

Factors such as temperature, feeding or fasting 
and stress influence the body's hormonal status, thus 
inducing tissue specific adaptive modifications of 
energy balance which may in part result from regulation 
of cellular /33-adrenergic receptor sensitivity. It has 
been further shown that ^-adrenergic agonists, 
glucocorticoids and several other agents can modulate 
03-adrenergic receptor density, responsiveness and mRNA 
levels. The molecular determinants responsible for 
the regulation of cellular /? 3 -adrenergic receptor may 
possibly be found either on the receptor itself or in 
its gene or mRNA. For example, post-translational 
modifications of the receptor in the third intra- 
cytoplasmic loop or in the carboxy-tenninal tail may 
modulate ^-adrenergic receptor coupling to adenylate 
cyclase. Factors which act on /9-adrenergic receptor 
gene transcription rate or on mRNA stability may also 
modulate cellular adrenergic responsiveness by 
modifying ^-adrenergic receptor expression levels. 

The 03-adrenergic receptors have been sequenced 
and identified, as well as compared pharmacologically 
with other known receptors in mouse and humans. A 



comparison of the 03 -adrenergic receptor amino acid 
sequences predicted from the nucleotide sequences of 
the human and mouse genomic genes revealed differences 
in the carboxy-terminal regions of the receptors 
Although these differences could be attributed to 
evolutionary species-related variations, it was 
recently discovered by the present inventors that the 
entire coding sequence for the previously reported 03- 
adrenergic receptor in mouse and human was not 
complete. The genes encoding 01- and 02- comprise one 
exon and it was thought that the 03-adrenergic receptor 
gene, when initially identified, also comprised only 
one exon. However, it was recently and unexpectedly 
discovered that contrary to 01- and 02-adrenergic 
receptor genes, the human and mouse 03-adrenergic 
receptor genes comprise several exons. The 
identification of the introns and exons in mouse and 
human 03-adrenergic receptors and thus the entire gene 
itself, permits a full characterization of this 
receptor which will aid in more sensitive genetically 
engineered products such as nucleotide probes, 
polyclonal and monoclonal antibodies and the like for 
drug testing and diagnostic purposes, and permits the 
understanding of 03-adrenergic receptor regulated 
expression in various tissues. 

SUMMARY OF THE PRESENT INVFNTTnw 

Thus, it is an object of the present invention to 
provide polypeptides having 03-adrenergic receptor 
activity in mammals which polypeptides encode the 
entire human and mouse 03-adrenergic receptor genes. 

A specific object of the present invention is to 
provide the entire amino acid and nucleotide sequences, 



as well as the intron/exon organization for the human 
and mouse 03 -adrenergic receptor which molecule 
characterizations are useful in not only detecting the 
03-adrenergic receptor in different species, but also 
testing new drugs for regulating 03-adrenergic 
receptor activities. 

Yet another object of the present invention is to 
provide nucleotide probes capable of hybridizing to the 
genes encoding the polypeptides having 0 3 -adrenergic 
activity in mammals for detecting this receptor in 
different mammalian species and for measuring the" 
variations in the levels of expression of the 03- 
receptor in mammalian cells. 

Another object of the present invention is to 
provide antibodies, polyclonals and monoclonals which 
recognize the entire sequence of the 03 -adrenergic 
receptor in mammals, which antibodies do not recognize 
the 01-adrenergic receptor or 02-adrenergic receptor 
for detecting and diagnostic purposes. 

A further object of the present invention is to 
provide recombinant vectors for the cloning and 
expression of 03-adrenergic receptor proteins in 

mammals . 

Another object of the present invention is to 
provide a cell host which comprises the elements of 
regulation making possible the expression of the 
nucleotide sequence encoding the polypeptides of 03- 
adrenergic receptors in mammals. 
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BRIEF DESCRIPTION OF TKF. ngiMTMro 

Fig. i ^Picts the nucleotide seque^ 
acid translatio^M ln ^ exon organlzatio ^ of ^ 

human 03 -adrenergic receptor gene. 

trans l^lcfiJ^^^^^."^^ ^ 

lon^nck i-fitrofi/^on organization of the mouse 

03-adrenergic receptor gene. 

Fig. 3 is the complete amino acid se^i^f 
human 03 -adrenergic receptor. ^ 

Fig. 4 is the complete amino acid4^i?folf^ 

mouse 03-adrenergic receptor. 

Fig. 5 is a schematic representation of human and 
mouse 0-adrenergic receptor mRNA splicing. 

DESCRIPTION OF THE PRRFFPPP-n EMBODTMFMTg 

in particular, the present invention provides 
various genetically engineered products such as 
nucleotide probes, monoclonal and polyclonal antibodies 
for testing a variety of chemical agents including 
drugs, ligands and the l ike which may influence the 
regulation of 03-adrenergic receptors. Moreover ln 
this testing method, it is of importance to have the 
entire sequence of the 03-receptcr gene, since elements 
m the promoter region, in the intron/exon region and 
m the 3- untranslated region may influence the 
expression of 03. By testing drugs that may increase 
and/or decrease the expression levels of the 03- 
adrenergic receptor, various diseases such as obesity 
diabetes and hyperlipemia and the l ike , may be 
controlled. 



Accordingly, the present i„„ 
* -thod f or ln vitL d " m alE ° ides 

-lated aise.seri^r,^;; 12 ° f »~ fiance 

i„ «- ad rene r r::j;:;: c «r;. sea 



The P^SGnt invention *i 
containing genes cQd provides 

a d rene rgic receptor J J Polypeptides having fi3 _ 

^ ^osts transform by ^ ^T^' - well as 
mentioned polypeptides ^ f ° r the above- 



mentioned polypeptides 

By mammals is meant 



"our.sh their young wifch J* a11 0th ^ animals that 
glands and have sJcin usual! by 
^ Including mon^ m c ^ ~ le " — ed £ 
^e. GyS ' » ic ^ rat, humans and the 

Any mammalian polynen*-^ 
-eptor activity * a™^^^ ^-adrenergic 
preferable Doiyp.JL Pr6Sent invention, 

-fences set J^*- 

Variations of th*> «„i 
* the present mention Ptld6S " ^ 

powia.. do not n io e ;r; hat *«W 

-tivit, ^ technlgue '^^Vic receptor 

to provide these vari.n* 3y be use <i 

nudeotide-.ediated .utag nesTs^",? 3 

-edited "loop out . m I °Hgraucleotide- 

-utagenesis and the Uke ™ tagenesls < "nter-inserted 
« described, for exaBD , * Beth ° dS Well -*no ra 
aaiecular^clonino a J£T by SMbr °°* ~ .1. in 

edition. 



Besides polypeptides, the present invention also 
encompasses any nucleotide sequence of 03 -adrenergic 
receptors in mammals. a preferred embodiment of these 

2^l?Vf J^f CGS are ^compassed in Fig^VSP 
JT Variants /of the nucleotide sequence are also 
encompassed in the present invention including 
mutations and point substitutions using the above- 
described mutagenesis methods, provided that these 
variations do not significantly alter 03 -adrenergic 
receptor activity. 

These nucleotides can be prepared by any synthesis 
method kna*n^n the art. Examples of these methods 
include,^, are not limited to the automated 0- 
cyanoethyl phosphoramidite method described in 
Bioorganic Chemistry , 4, p gs . 274-325 (1986) which 
method is suitable for the preparation of a nucleotide 
sequence containing a maximum of 200 nucleotides and 
those described in P.N.A.S. , 80^. pgs. 7461-7465 (1983) 
for nucleotides longer than 200. 

Besides synthesis of nucleotides, the present 
invention also relates to the purification of 
nucleotides from genomic DNA or cellular RNA from any 
mammalian tissue expressing the 03 -adrenergic receptor 
including adipose, muscular, hepatic, intestinal, 
gallbladder tissues and the like. brna can then be 
isolated and cDNA synthesized therefrom by the methods 
described in Sambrook et al. Molecular Cloning , supra . 

The nucleotide sequences or fragments thereof can 
be cloned and/or expressed in a plasmid, cosmid or 
phage type vector. Thus, the present invention also 
includes recombinant vectors which which can be use to 
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the L a d r " 3 ° f h ° St 

the ,3-adrenerg lc receptor. Various vectors include, 

but are not lifted to P Br322, pUC18/pUC19, pUC119 

M 3, XgtlO, } 2001 , > DASH , ^ F1Xi C2Rfi/ pWE15 ^ ^ 



A preferred vector includes a Hindll-PstI fragment 
of genoaic DNA derived from mouse having" about 5 5 
Jcxiobases and containing the totality of the gene 
coding for the ,3-adrenergic receptor in J ouse 

Ex n o C nT n V h : Pr ° m0ter regi ° n ^ ^ E - 2 -d 
Exon 3, whxch fragment was inserted into a Hindll-Psti 

site of pucie. The plasmid was transfer^" in~I 
coll(0H101,. This vector, (030 B315-I) was deposit^ 
under the Np. i- 1272 on ^ ^ ^ ^ 

C.N.c.M., collection Nationale de Cultures de 
Mxcroorganismes, 25 rue du Docteur Roux, Paris France. 

A second preferred vector includes a BglH 
fragment of genomic DNA derived from hvimans having 
about 4.5 kilobases and containing the totality of the 
gene coding for the 03-adrenergic receptor in humans 
including the promoter region and Exon l and Exon 2 
whach fragment was inserted into a BamHi site of pucie' 
The plasmid was then transformed in E. coli (Jmoi) 
This vector, (119 B315-IH) was deposited under the No 
1-1273 on December 1, 1992 with ^ C>N>CM 
collection Nationale de Cultures de Microorganismes 25 
rue du Docteur Roux, Paris France. 

For expression the vector contains in at least one 
of its sites not essential for replication, elements 
necessary to promote the expression of the polypeptide 



of the present invention in a cell host. For example 
a promoter recognized by the RNA polymerase of the cell 
host may be used. Any promoter that accomplishes 
expression can be used, but it is preferable to use an 
inducible promoter and if necessary, a signal and an 
anchoring sequences. For expression in eukaryotic 
cells, the regulatory elements may include the 
endogenous promoter for the adrenergic receptors or 
viral promoters such as those of SV40 virus or Rous 
Sarcoma virus, while for bacterial expression, the 
regulatory elements may include the lactose operon, the 
tryptophan operon and the like. 

Cell hosts transformed by any of the above- 
described vectors are also encompassed by the present 
invention. .Any cell host capable of expressing any 
mammalian 03 -adrenergic receptor polypeptide or 
fragments thereof is encompassed by the present 
invention. These cell hosts include any eukaryotic or 
prokaryotic cells including bacteria such as E. coli 
yeast, CHO cells and the like. it is of interest to 
note that when the entire intron/exon sequence of the 
mouse or human /?3-adrenergic receptor is expressed in a 
variety of eukaryotic cell hosts including CHO and L- 
cells, splicing of the gene takes place correctly. 

The recombinant vectors and cell hosts transformed 
with these vectors are useful tools to generate with 
ease and facility various nucleotide probes. 

These nucleotide probes can also be prepared from 
the nucleotide sequences, as discussed above, via 
synthesis and purification techniques and then labelled 
with a detectable marker. Any detectable marker can be 
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*» Celling conditions' 2T^r XerS llk - 
in the art an/! sequences are well 

- scrlbed by s r ro d et l r rr? such * 

*ay be used ^Hiecui^cioning, 

supra 

*»» ";; t r; t r r e ia r Y ' is is — — *«> use . 

defined ^^iMK7 M^^ff " 
library of diTfereST ^ P^^VenoBic or cDNA 

T .~ ,3.adr:i:;i: ^..-e^ :r the 

or the n„cleoti d e probe can also be gyrated 

^:^Tirz^ t usefui in ~- «- 

-energic receptor "ll^^T °< «» 

levels of exDrp«- ' SlnCG alte "d 

expression may remiit- 
abnormalitie^ i» • Uit ln specific 

specific ; the ;:t:. aaMalian tissues - 

such that the y reac lTth de "* "* 

^-adrenergic 'receptor » °* 

receptor is present in th . ' ^ if 

being tested th! " SpeCi « «* 

y tested, the Ugairt bindi ± 

functional regions in other 

abnormality thlt "L „ Se9UEnCe ™ Y C ° ntaln •» 

probes. " ^ —rained by the use of such 

in the" 6 prTstt 0 "" »" *« use 

P-bes, synthetic :: n " 0n ^ DHA »» 

yntnetic oligonucleotide probes tM t 
probes and the like , lnJ „ u P«Bes, tluoester 

^e tande* probes Day be *» ^ 

joining two or Y ^ by covalently 

or mo re type-specific ^-adrenergic 
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receptor nucleotide sequences within a single vector. 
A mixture of the above-mentioned probes is also 
contemplated for detection purposes. 

The conditions required for hybridization and 
washing of the oligonucleotide probes for detecting the 
presence of the /93 -adrenergic receptor may be different 
depending on the type of probe utilized. Empirically 
determined formulae available in the literature allow 
for the estimation of the oligonucleotide dissociation 
temperature. Hybridization of oligonucleotides also 
depend on several factors, which include the length of 
the probe and the GC content. The hybridization 
conditions, thus will be adjusted according to the 
probes used and are well within a person skilled in the 
art's knowledge. 

The labelled hybrids are then detected depending 
on the type of labelled probe used. For example, an 
enzymatically labelled probe will require enzymatic 
detection, while if a radioactive label is used, gamma 
or beta counters or autoradiography may be used. 

The present invention also relates to antibodies 
directed against the polypeptides of the 03-adrenergic 
receptor in mammals. These antibodies are specific for 
the 03-adrenergic receptor and not the 01- nor 02- 
adrenergic receptors. These antibodies may be produced 
by injecting the 03-adrenergic receptor protein or 
polypeptide thereof into an animal. The antibodies 
generated by the immune response may be recovered and 
purified by methods known in the art. Besides their 
use for detection and in vitro diagnostic purposes, the 
antibodies of the present invention may also be used to 
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purify related receptors in semi-purified form by their 
attachment to a solid support such as gel beads. 

Monoclonal antibodies may be produced by the known 
method described by Kohler and Milstein, Nature . 256 
page 495 (1975). These antibodies are useful to 
diagnose the amount and the presence of the 03- 
adrenergic receptor in a variety of mammalian species. 
Thus, the quantity and presence of this receptor may be 
important to diagnose diseases related to energy 
abnormalities in a variety of mammalian tissues. 

Although direct detection of the 03-adrenergic 
receptor polypeptide is possible by the use of 
genetically engineered products as described above 
these products are not limited in use to only detecting 
the presence of 03-receptors in various species. 
Testing of different drugs for the treatment of 
obesity, fatty diabetes, hyperlipidemias and the like 
are within the scope of the present invention by use of 
the aforementioned nucleotide probes, /?3 -adrenergic 
receptors and anti-receptor antibodies. 

A procedure for studying the affinity of a 03- 
adrenergic receptor polypeptide for one or more 
chemical agents such as drugs, ligands and the like is 
also encompassed by the present invention. 

To study the effects of various chemical agents, a 
cultured transformed host cell having a sequence 
encoding the entire 03-adrenergic receptor gene under 
conditions allowing the expression of such gene is 
performed. The expression product, which may be 
exposed at the surface of the transformed cell host or 
present in the cytoplasm of the host cell, is then 
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utilized to t ^ , . ^ 

chemical agents T v o1 " °* «* 

the t„„T 7 P " 9 th8Se agents in c °"taot with 
the transformed cell host. »- .,„„,,. 

between th. transformed cell ho^t and th reaCtl ° n 
>9ent is then detected. ^ EPeCifIC 

The transformed hoqi- ^ 
Polypeptide sequence of the fl1 , -Gaining the 

also be used to test - W - dr ™»«*' receptor can 
chemical agents ^ sponses to various 

More specifically, it is ta o„n in ^ art 
variety of hormones both a 
exert their cellular ""V ° <"> d »°n-peptidic, 

cell surf, CeUUlar effects "rough interaction with 

MndC ;: err;;™ - — 

coupled receptors mediate of T t ^"^i" 

responses, wherein the initiai ^ ^ cificitt 
determined at the level of the c!u surf ™" 7 

The diversity of the cellular receptor, 
the differential co^ reSU " S 
G— proteins, each of ^ ^-S" 
mtraceUuiar effector system. The G !L t • 
receptor can bind a variety of lln * ed 
stimulates the G omt . • * a 9°"ists which 

activation T L^^T^ *° ^ »" 
to adenylate ™ St ™ X * to ^ G Protein leads in turn 

in c M " letel 72 " tlmUlatl ° n ^ *" 

has the abmty to , «- ad ™«r g ic receptor 

effects of various " * "* "»» «- 

stimulatory g Ull ^°"rsts to activate the 

tory g protein, raising camp levels l„ <•>. 
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It is of extreme importance that the entire gene 

:i:r be . utiiized to «- ^.-id^jj 

studies, S1 „ce it is ^ additlonal 

-fences described i„ the present invention effect 21 
regulate ot these receptors Md 

the receptors expression. Thus, for instance, to test 
specie Uuanas and drugs uhich „ ay M ' £ 

reduce obesity ( si„ce the fl 3-adrenergic receptor is 
present m low quantities in ^. 

4 "cities ln obese patients) it nay be 

necessary to increase the amount of *3-rece P tor 
Present. The ^ expression ievels of the 
adrenergic receptor nay be regulated by additional 
sequences described and characterized in the present 
invents such as the sequences present in the promoter 
region, the intron/exon region and the ,. untranslated 
region. Thus an agent ^ _ ^ ^ ^ J 

the transcription of preceptors may !ead to treatment 
for obesity and diabetes. 

The cloning and initial sequencing of the human 
and mouse ^-adrenergic receptor genomic genes have 

■JOURN AL VOl . 1 fi Mr> 1 t 

16, No. 12 pg S . 3721-3727 (1991) and 

(1989, Both of these references are incorporated 
herein by reference. To obtain more insight into the 
mechamsms at the basis of the regulated expression of 
the ^-adrenergic receptor in both human and mouse, 
further study was undertaken. By comparing the 02- 
adrenergic receptor gene and the PCR-amplif led cDNA 
sequences, the presence of introns which interupted the 
cod lng and the 3 • -untranslated regions of the human 
and mouse ^-adrenergic receptor gene was discovered 
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Lne numan gene and a :> t> vw ^ 
fragment spanning the entire 3 . \ »52l-Bglli 
the mouse « 3 ' 3 translated region of 

e ^ 3 -genomic genes after in*~*+i 
fragments in both • insertion of these 

in both orientations into mii , , 
vectors. individual subclones were T ^ 
the standard chain termination e^ * 
used were oligonucleotides synthesis , ? " 
during the course of tho ^thesxzed step by step 

ourse of the sequence determination. 

A preferred embodiment of the nro^n* • 
identif ication of two exons i Z 
exons in mice, which contain the Sj^T T ^ 
receptor gene sequence r n h ^-adrenergic 
encodes the' firsT^T * ^ l '« »> exon 

second exon of 700 has ^ r6SldUeS ' WMle 

si* carb o ° t PairS GnCOdes **• sequence f or 

-ceptor, as we^s tT"^ ° f 

■* - .-adrenal: ^ZT^ " 

In mice, there are three exons. The «„, 

encode, 388 aaino aold resldues »» l 
receptor; a second exon of 68 hase paL , 
- tweive car^-terminai ,7 

r rii^rrr the third — - - - 

the 3.-untransrat?d ' *" SP " Ce Sites cod « ** 

— . -rrxr^i^T 10 receptor 

two space sites found T th 'e t hir T SPllCln9 
two ^-adrenergic transcripts L sh - ^""^ 
i- the Mjor transcript foL in 

while the Xonger transcript is sUcht! 

brown adipose tlssU£ Pt sll *tly predominant in 
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Thus, the amino acid sequence for human 03- 
adrenergic receptor is 6 amino acids longer then 
previously thought, while the mouse sequence is 12 
amino acids longer than previously reported. The 
nucleotide and amino acid sequences as well as the mRNA 
splicing are depicted in Figures 1-5 for the human and 
mouse 03-adrenergic receptor. 

The localization of the mRNA transcription start 
sates was undertaken by S , nuclease mapping and the 
mRNA transcription start sites for both mouse and human 
^-adrenergic receptor mRNA were then localized in a 
region between 150-190 nucleotides upstream from the 
ATG translation start cocon. m mouse, a second mRNA 
initiation region exists further upstream. Further 
upstream from the mRNA cap sites, glucocorticoid 
response elements were found in the immediate vicinity 
of recognition sequences for transcription factor AP-l. 
The inhibitory effects of glucocorticoids on 03- 
adrenergic receptor mRNA levels may result from 
interactions of glucocorticoid receptor with c-fos ad 
c-jun products which constitutes transcription factor 



AP-1. 



Thus, the entire genes including the promoter 
region, the intron/exon region and the 3 '-untranslated 
region, coding for ^-adrenergic receptors were 
obtained, as well, as the mRNA transcription start 
sites. This finding is of utmost importance not only 
for detection and diagnostic purposes, but also to 
obtain drugs useful in the regulation of 03 expression 
in tissue. Thus, the utilization of alternate 
promoters and/or splice sites allows tissue specific 
regulation of 03-adrenergic expression. 



EXAMPLE 1 
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gene 



Isolation and sequencing of the murine a^d 



All the methods used for recombinant DNA 
procedures are from Ausubel et al. Science 245, Pgs 
1118-1121 (1987). A 1.3 kb NcoI-BamHl DNA fragment 
encompassing the entire coding region of the human /J3AR 
gene (Emorine et al. Current Protoc ols in Mol^n^ 
BioloaY, Greene publishing Associates and Wiley 
interscience, New York (1989)) was used as a probe to 
screen a mouse NIH 3T3 genomic library in the lambda 
FIX "II vector (Stratagene) . The nitrocellulose 

replxca filters of the library were prehybridized for 
16 h at 42-C.in a buffer containing 8 mM Tris-HCl (pH 
7.5), 40% formamide, 4xSSC, SxDenhardt «s, 0.2% SDS, 50 
*M sodium phosphate and 100 pg/ml heat-denatured salmon 
sperm DNA. Hybridization was performed for 16 h at 
42 «C in the same buffer containing the probe (2xl0 6 
c.p.m./ml)32p-i abell ed by the random priming method to 
a specific activity of io' c.p.m./ M g. Fin al washes 
were at 45 «C in O.lxSSC and 0.05% SDS. 

A 2kb Bglii-BamHi restriction fragment hybridizing 
to the probe was subcloned in both orientation into 
M13mpl8. Nested deletions were created with the 
exonuclease III and sequencing was performed by the 
dideoxy chain termination method using [a- 35 S]dATP (800 
Ci/mmol, Amersham) and Thermophilus aguaticus (Tag) 
polymerase (Taguence kit, USB) . Sequence analysis were 
carried out using the CIT12 (University Paris V, Paris, 
France) computer software facilities. 
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EXAMPLE 2 



DNAjDrobe and nyhvjdi^ation^n^^ 

A 310 bp DNA fragment ( . A4 3«) corresponding to the 
N-t ermi nus of the mouse ^-adrenergic receptor 2l 

of 5 ng of the lam bda clone containing ^ J £ 
adrenergic reC e P tor gene. Thirty 
application at 9 3«c for i. 5 minute " 55 T f o r 2 

minutes; and 72 T fnr o • ^ 2 

2 5 u Taa » , " PSrf using 

2.5 U Tag polymerase (Cetus) in 100 „i of buffe. 
contaaning 10 mM Tris . Hcl (pH 8 3 J« 

TWEEN 20, 0.05% NP40 10% , *' % 

formamide 125 uH of ' ' dlae thylsuplhoxide f 5% 

we, 125 MM of each deoxynucleotide^iphosphate ' 
and 125 pM of eac h primer ^fg^ J^fe', £, 
GCTCCGTGGCCTCACGAGAA- 3 • ) and ^^A^J^dgf,'" 

CCCAACGGCCAGTGGCCAGTCAGCG-3 1 ) primers n n n- a 

DNA fragment was purified by electrophoresis through an 
acryXamide gel . * P -labeHed by * » 

specific activitv of , n > „ _ , 3 a 

in <=o,„- h c -P-»-/fg. and used as a probe 

in southern and Northern blot experiments. 

restri F ctio S n Uthern "V* hyb " di "«°» -.lysis, single 
restriction enzyme digests of genomic DNA (lo M) ure 

pe formed and the samples were electrophoresed I rough 

. o..» agarose gel and blotted onto nylon (Hybond N ! 

Amersham, filters. Prehybridization and hybridisation 

procedure were performed as described above and finZ 

"ashes were at 43 -c in 0.1 x ssc, 0.05% SDS. 

For Northern blot analysis, total rna extracted 
from mouse or cultured ceUs was denatured in elyox T- 
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DMSO, electrophoresed through a 1% agarose gel and 
transferred onto a nylon membrane (Hybond N + 
Amersham). Prehybridization and hybridization, as 
well as washing were performed as described above 
except that hybridization was performed in the presence 
of 10% dextran sulphate. 



EXAMPLE 3 

In situ hybridization 



For chromosal localization of the 03 -adrenergic 
receptor gene in mouse, in situ hybridization was 
performed on metaphase spreads of concavalin A- 
stxmulated lymphocytes from a WMP male mouse, in which 
all the autosomes except number 19 were in the form of 
metacentric Robertsonian translocations. For 
localization of the 03-adrenergic receptor gene in man, 
metaphase spreads were from phytohaemagglutinin- 
stimulated human lymphocytes. m both cases the 
lymphocytes were cultured at 37'C for 72 hrs., with 5- 
bromodeoxyuridine (60 „g/ml) added for the final 7 
hours of culture. 

Specific probes were the 310 bp A43 fragment of 
the mouse £3 -adrenergic receptor gene and a 206 bp 
(AccI-AEaLI) DNA fragment encompassing the third 
xntracytoplasmic loop of the human *3 -adrenergic 
receptor. These fragments were subclone,: into the 
PUC19 plasmid vector, tritium labelled by nick 
translation to a specific activity of lo« d.p.m./^g, 
and used at a final concentration of 25 ng/ml of 
hybridization solution. Hybridization to metaphase 
spreads, post-hybridization washes, emulsion 

autoradiography, R-banding and silver grain analysis 
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were carried out as described by Mattel et al. HUMAN 
GENETICS, 69, pgs . 268-271 (1985). 

EXAMPLE 4 

construction, cell culture a nd transfer* i one 

For expression in eukaryotic cells, a 1365 bp 
Narl-BamHl restriction fragment from the mouse 03- 
adrenergic receptor gene was inserted under the control 
of the SV4 0 early promoter into a plasmid vector 
containing the 3 • -untranslated region of the gene for 
the hepatitis-B surface antigen, and murine 
dihydrofolate reductase ( DHFR) gene as a selectable 
marker as described by Larsky et al. Biotechnology 2 
pgs. 527-530. (1984). The resulting construct contained 
15 bp of 5' untranslated region, 1164 bp of coding 
region and 186 bp of 3 • non-coding region of the mouse 
03-adrenergic receptor gene. 

CHO cells, deficient in DHFR, were grown in Ham's 
F12 medium (Seromed) supplemented with 10% fetal calf 
serum, 2 mM L-glutamine, 15 M g/ml glycine, 9.5 ng/ml 
hypoxanthine and 1.46 ng/ml thymidine. Transfection 
with 5 nq of the expression vector was performed by the 
calcium phosphate precipitation method as described by 
Tate et al. EUR. J. Biochem. . 196 , pgs. 357-361 (1991). 
Stable transformants expressing the DHFR gene were 
screened for the expression of p adrenergic receptor by 
stimulation of cAMP accumulation with 1 /iM (-)- 
isoproterenol. one clone giving the highest 

stimulation was subcloned by limiting dilution, and is 
referred to as CH0-Mo£3 • . 
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EXAMPLE 5 



Isolating and sequencing of the human 03AR gene. 

Similar procedures set forth in the above examples 
to isolate and sequences the murine 03 -adrenergic 
receptor gene were used in the isolation of the human 
03-adrenergic receptor gene. A human genomic library 
was screened with the entire coding regions of the gene 
for the /31-adrenergic receptor of turkey Yarden et 
al., P.N.A.S. , 83, 6795 (1986) and of the human gene 
for the 02 -adrenergic receptor Emorine et al P.N.A.S. 
84/ 6995 (1987). The library was constructed in the 
BamHI sites of the EMBL4 vector from size-selected (15 
to 20 kb) fragments of human placental DNA partially 
digested with Sau3a. For plague purification, probes 
of a 1.3 kb Ncol-Ahal restriction fragment of the human 
02-adrenergic receptor and the 1.8 kb fragment of the 
turkey 01-adrenergic receptor were used Yarden et al. , 
P.N.A.S. . 83 , 6795 (1986) . 

Among 4 3 positive clones two carried the gene 
coding for the human 01-adrenergic receptor and another 
two the gene for the 02 -adrenergic receptor. 

A family of 14 homologous clones consisting of a 
group of six identical clones, a second group of three 
identical clones and a third group of two identical 
clones and three independent clones displayed sequences 
homologous to both probes in a 2.1 kb BamHI and Bglll 
fragment. From one clone, this 2.1 kb fragment was 
sequenced using the methods described by the chain 
termination method of Sanger et al., P.N.A.S. . 74, 5463 
(1977). This fragment that was entirely sequenced and 
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shown to contain a gene coding f or a polypeptide of 4 
ammo acids with a predicted size of 42,881 daltons. 
EXAMPLE 6 

Nucleot ide sequence det.PT-^ n^j^ 

2.5 kb Sphi-Bctin, and 2.2 kb Xhol-Bgln fragments 
spannxng the entire 3 • -untranslated regions of the 
human and mouse /,3-AR genomic genes, respectively, were 
inserted in both orientations into M13 and individual 
subclones were sequenced by the standard termination 
method (Taquence DNA sequencing kit, USB, Ohio) 
Primers were oligonucleotides synthesized step by step 
durxng the course of sequence determination. 

EXAMPLE 7 

PCR-qenerated cDNA 

Total RNA was prepared from frozen-powdered 
tissues and digested for 1 hr at 37'C with 0.3U of 
RNase-free DNase I ( p rome ga, Wisconsin) per „g of 
nucleic acid in 100 mM Tris-HCl, P H 7.5; 50 mM MgCl, 
111 P" sence of 2 U/ml of placenta RNase inhibitor' 

0.25 M g of RNA was then treated with 400 U of aaloney 
munne leukemia virus reverse transcriptase (Gibco BRL, 
m 20 Ml of PCR buffer containing 67 mM Tris-HCl, p H 
8.4; 6.7 mM MgCl 2 ; 6.7 m EDTA; 10 *M «- 2 . 
mercaptoethanol; 16 »M (NI^SO,; and 0 .1 mg/ml 
gelatxne containing 0.4 mM each of dNTP, 10 mM random 
hexanucleotides and 2 U/ml RNase inhibitor. a control 
without reverse transcriptase was also run to ensure 
that amplification of the nucleotide sequence did not 
proceed from residual genomic DNA. 80 M l of PC R buffer 
containing 2 . 5 U of Thermophvlus aguaticus polymerase 



(Perkin-Elmer-Cetus) , 125 nM each of sense and 
antisense oligonucleotide primers, containing the 
following sequences, respectively; 

5 ' GCTCCGTGGCCTCACGAGAA 3 ^and / 

5 • CCCAACGGCCAGTGGCCAGTCAGCG ( }> ^ ^ 

125 mM each dNTP and 10% (v/v) dimethylsulf oxide was 
added to the cDNA samples which were submitted to 29 
cycles at temperatures of 92*C, 1 minute; 57*C, 1.5 
minutes; 72 *C; 1.5 minutes; followed by 7 minutes of 
extension at 72 *C in a temperature cycler (LEP-PREM) . 

EXAMPLE 8 

Determination of mRNA transcription start sites 

For nuclease SI mapping single stranded DNA from a 
M13 subclone of the murine 03-AR gene promoter region 
(fragment Bglll-Narl, was used as template for probe 
synthesis. After polymerization in the presence of 
Q[ 32 P]-dATP, DNA was digested with Alw NI and the 
single stranded probe (380 nucleotides including 310 
base from the 03-AR gene plus 7 0 bases from M13) was 
isolated on denaturing 6% polyacrylamide gels 
containing 7 M urea. Probe (10 5 c.p.m.) and total RNA 
(50 ng) were mixed in 30 nl of 40 mM Pipes buffer pH 
6.4, containing 0.4 M NaCl, 1 mM EDTA and 70% formamide 
and denatured for 10 min at 85'. After hybridization 
(14-16 hr at 30'C) Samples were digested for 30 min at 
37*C with 100-200 units of si nuclease in 400 /il of 50 
mM sodium acetate, pH 4.8, 280 mM NaCl, 4.5 mM ZnS0 4 . 
Following incubation for 10 min at 65 *C, samples were 
phenol-extracted, concentrated by ethanol precipitation 
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and analyzed on 6% acrylamide, 7 M urea sequencing 
gels . 



For primer extension, oligonucleotide A74 (36-mer) 
having the following seguekcaT^ ft J 

5' CTGGTCCAGGGGAGGGGACAGCAAGGCATGAGAGCG 3' 

was labeled with T4 -polynucleotide kinase hybridized (5 
x 10 5 c.p.m.) to 50 M g of total RNA, in 30 fil of 20 mM 
Tris-HCl, P H 8, 50 mM NaCl, 10 mM MgCl 2 , l mM 
dithiotreitiol, and 0.1 mM EDTA, for 14-16 hr at 37 *C. 
Nucleic acids were ethanol precipitated and incubated 
for 90 min at 42 'C after resuspension in 25 nl of 50 mM 
Tris-HCl, P H 8.3, 8 mM MgCl 2/ 30 mM KC1 containing 0.5 
mM each dNTP, 50 units of placenta RNase inhibitor, and 
4 0 units of avian myeloblastosis virus reverse 
transcriptase. Reactions were terminated by addition 
of 1 til of both 0.5 M EDTA and pancreatic RNase A (1 
mg/ml) and incubation for 30 min at 37 'C was performed. 
After phenol-extraction and ethanol precipitation in 
the presence of ammonium acetate (2 M final) samples 
were analyzed on 6% acrylamide, 7 M urea sequencing 
gels . 

EXAMPLE 9 

Expression of the entire human 03 -adrenergic 
receptor 

For expression in eukaryotic cells, a 3.7 kb 
Smal-BglH restriction fragment from the human /33- 
adrenergic receptor gene was inserted under the control 
of the SV4 0 early promoter into a plasmid vector also 
containing the murine dihydrof olate reductase (DHFR) 
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gene as a selectable marker as described by Larsky et 
al. Biotechnology, 2, pgs. 527-530 (1984). The 
resulting construct contained 4 bp of 5 • untranslated 
region, the entire intron/exon sequence of the human 
03-receptor gene with its own 3- untranslated region. 

CHO cells or L cells (wherein the splicing of the 
gene can take place) deficient in DHFR, were grown in 
Ham's F12 medium (Seromed) supplemented with 10% fetal 
calf serum, 2 mM L-glutamine, 15 M g/ml glycine, 9.5 
ng/ml hypoxanthine and 1.46 Mg/Bl thymidine. 
Transfection with 5 fig of the expression vector was 
performed by the calcium phosphate precipitation method 
as described by Tate et al. EUR. J. Bioch^. 196 , pgs. 
357-361 (1991). stable transf ormants expressing the 
DHFR gene were screened for the expression of fi 
adrenergic receptor by stimulation of cAMP accumulation 
with 1 /xM (-) -isoproterenol. 
EXAMPLE IP 

Testin g of various chemicals for ff3-adrenerg ic 
receptor affinity 

Preconfluent cells (5 x 10 s ) were incubated at 
37 -c for 20 minutes in 0.5 ml of Hank's buffer 
containing 20 mM HEPES (p H 7.4), 1 mM ascorbic acid, 1 
mM isobutylmethylxanthine and various concentrations of 
agonists such as BRL 37344, (-) -isoproterenol and (-)- 
norepinephrine. After boiling for 5 minutes and 
centrifuging at 4,000 r.p.m. for 10 minutes at 4'C, the 
amount of cAMP produced was measured using the Amersham 
CAMP assay kit. Inhibition studies for cAMP 

accumulation were carried out by preincubating cells at 
37 -c for 10 minutes with an antagonist such as 
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propanolol, ici 110^ 

incubated for T n ' ' d ! ■ The nlxture „ as 

ot the ": rrj: r utes - c — 



